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 The aim of this study is to evaluate the antihyperlipidemic effect of 

Phytosterolsfraction of Iraqi Cicerareitinum in high-fat diet (HFD)-fed 

mice. Animals were divided into (4) groups, for each group (n =8). The 

total duration of the study was (56) days split into two intervals. During 

the first 28-days interval, mice were administered with HFD, whereas 

during the second 28-days interval, they were co-administered HFD 

plusPhytosterols (500mg/kg: p.o.) or the standard drug 

Atorvastatin(10mg/kg: p.o.). Phytosterolstreatment to HFD-induced 

hyperlipidemic mice caused a high significant decrease in the levels of 

total cholesterol (TC), triglycerides (TG), LDL-C and VLDL-C. 

Moreover, Phytosterolsresulted in a high significant increase in the 

levels of HDL-C, whereas it caused remarkable decreases in ALT, AST 

and ALP enzymatic activities also in total serum bilirubin (TSB) levels 

among hyperlipidemic mice. Besides that, Phytosterolstreatment showed 

significant improvement in levels of tissue MDA and GSH in 

hyperlipidemic mice. Histopathological examination of hyperlipidemic 

mice group showed marked and diffused cytoplasmic fatty infiltration 

which was all ameliorated by Phytosterolsadministration. The results 

revealed that Phytosterols(500mg/kg; p.o) possess potential ameliorating 

benefits against hyperlipidemia induced by HFD on lipid profile, liver 

function enzymes, oxidative stress parameters, hepatic and aorta 

histoarchitecture. Further investigations are recommended to assess the 

efficacy and to fully dissect the mode of action the observed anti-

hyperlipidemic effect of Phytosterols. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Hyperlipidemia is a medical problem characterized by an elevation of one or all lipid profile and/or lipo-

proteins in the blood. It is also called hypercholesterolemia/hyper-lipoproteinemia [1]. 
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Dyslipidemias can be divided into two broad classifications: primary (familial) and secondary (acquired) 

hyperlipidemia [2]. Primary hyperlipidemia, is basically inherited usually occurs due to Single(monogenic) 

or multiple (polygenic) gene defect result in overproduction or defective clearance of triglycerides (TGs) 

and low density lipoprotein (LDL), or underproduction and/or excessive clearance of high density 

lipoprotein (HDL). Untreated Familial Hyper-lipidemia (FH) leads to premature morbidity and mortality, 

due to accelerated atherosclerotic cardiovascular disease (ASCVD) [3]. They show unpredictable low 

response to maximum therapeutic doses of anti-hyperlipidemic agents [4]. A global call to action was 

started to recognize familial hyperlipidemias as a health priority, acknowledging that considerable improves 

to health are achievable through optimal diagnosis and management [5]. Secondarydyslipidemia accounts 

for approximately 30-40% [6]. Hypothyroidism, chronic kidney disease (nephrotic syndrome& renal 

failure), primary biliary cholangitis, obstructive jaundice, diabetes, obesity, Cushing’s syndrome, alcohol 

and drugs (thiazide, steroids, β-blockers and immunosuppression drugs) may cause secondary 

hyperlipidemia. 

 

The choice of pharmaceutical treatment is based on the type of lipid abnormality. The drugs that primarily 

lower atherogeniccholesterol (LDL) are statins, ezetimibe, resins, PCSK9 inhibitors, and niacin. The fibric 

acid derivatives (Fibrates), Niacin (nicotinic acid) and Omega-3 Polyunsaturated Fatty Acids (PUFA) are 

most effective at lowering TG and VLDL concentrations and rising HDL cholesterol concentrations [7]. 

Most of these drugs are linked with a number of side effects including muscle-related complaints such as 

(myalgia, cramp, myopathy and rhabdomyolysis), abnormal liver function, gall stone, gastric irritation and 

may provoke renal failure. Therefore, the development of promising new lipid-lowering agents alternatives 

to allopathic drugs is needed [8]. 

 

Chickpea (Cicerarietinum), also called garbanzo bean or Bengal gram, belonging to the legume family 

(Leguminosae/Fabaceae). Chickpea (Cicerarietinum) is one of the most consumed pulses worldwideIt is 

grown in north of Iraq, like Sulaimani, Kirkuk. Erbil, Duhok, and Ninawa provinces, and provides a good 

quality of spring genotypes [9]. Raw or cooked chickpeas (Cicerarietinum L) contain dietary bio-active 

compounds like sterols, phytic acid tannins, carotenoids, and other polyphenols such as isoflavones, whose 

benefits may extend beyond basic nutrition requirements of humans [10]. 

 

Phytosterols are bio-active compounds (steroids) found naturally in diet of plant origin [11]. And present a 

chemical structure similar to that of cholesterol [12]. All plant species have its characteristic Phytosterols 

(PS) composition with more than 250 (PS) have been isolated [13], [14]. The most common dietary plant 

sterols are beta-sitosterol, campesterol, and stigmasterol. Phytosterols are fat-soluble compounds belonging 

to the triterpene’s family, beingconstituted of a tetracyclic ring with a side chain linked in position C-17 

[15].  The health benefits of Phytosterols include a great ability to reduce total and low-density lipoprotein 

(LDL) cholesterol levels, thus decreasing the risk of many diseases [16]. Moreover, Phytosterols also 

modulate inflammation; have antioxidant, antiulcer, immunomodulatory, antibacterial, and antifungal 

effects and also intervene in wound healing promotion and platelet aggregation inhibition [14], [17]. The 

current study was planned to evaluate the antihyperlipidimic effect ofPhytosterols fraction of Iraqi 

Cicerarietinumin mice. 

 

2. Materials and methods 

 

2.1 Plant material: The whole plant of Cicerarietinum of the Family (Fabaceae) was collected from north 

of Erbil, during the month of November, 2021, (flowering time). The collected plant cleaned, dried at room 

temperature in a shade area, then pulverized by mechanical mills and weighted. 
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2.2 Plant experiment work: Itwas done in the phototherapy laboratory of pharmacological Department/ 

Pharmacy College of Baghdad University. The upper parts of the plant Cicerarietinumwere collected and 

treated as follows:  

 

2.2.1 Extraction and fractionation of different active constituents 

A 400gm of shade-dried coarsely powdered plant materials were defatted with hexane for (24) hours then 

allowed to dry at room temperature. The defatted plant materials were extracted with (2 L) of 85% ethanol 

in soxhlet apparatus until complete exhaustion. The alcoholic extract was evaporated to dryness, under 

reduced pressure at a temperature not exceeding 40 هCto give a dark greenish-yellow residue designated as a 

crude fraction.  Crude fraction then acidified with (300) ml of 5% hydrochloric acid to pH 2 and partitioned 

(three times) with equal volume of ethyl acetate to get two layers (aqueous acidic and ethyl acetate layer), 

this step is necessary to get rid from any basic compound found in the crude extract fraction 1(A) which 

wasrepresentedAlkaloids. The ethyl acetate  layer of the original alcoholic extract (crude fraction) was 

evaporated to dryness under reduced pressure and basify with (300)ml of 5% sodium hydroxide to pH 10 

and extracted with chloroform  in the separator funnel to get two layers, the aqueous basic layer which was 

separated, evaporated to dryness and acidify with 5% HCL to pH 2 then extracted with ethyl acetate to get 

fraction designated as fraction 2(B) which was represented Flavonoids and chloroform layer which was also 

separated and evaporated to dryness under reduced pressure then partitioned with methanol and petroleum 

ether to get two layers petroleum ether fraction 3(C) which wasrepresented Sterols and  methanol fraction 

which designated as fraction 4 (D)which wasrepresentedTerpenes [18], [19], (Fig. 1). 
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Figure 1: General scheme for separation of different plant constituents [18], [19] 

 

2.2.2 Preliminary qualitative phytochemical analysis:  

Chemical tests were carried out using the ethanol extract from plant and itspetroleum ether fraction, we 

used standard procedures to identify the active constituents [20], [21]. The preliminary phytochemical 

screening revealed the presence of alkaloids, flavonoids, terpenoids and steroids in ethanol extract of 

Cicerarietinum while Petroleum etherfraction revealed the presence of steroids. 

Tests for steroids: 

(i) Liebermann-Burchard test: 2ml of the extract and fractions were treated with chloroform, acetic 

anhydride and drops of sulphuric acid was added. The formation of dark pink or red color indicates the 

presence of steroids. 

(ii)H2SO4 test: The development of a greenish color was considered as indication for the presence of 

steroids, when 2 ml of the extract and fractions were treated with sulphuric and acetic acids. 

 

2.2.3 Identification and characterization of the isolated steroids fraction by using HPLC 
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High performance liquid chromatography or commonly known as HPLC is an analytical technique used to 

separate, identify or quantify each component in a mixture. The mixture is separated using the basic 

principle of column chromatography and then identified and quantified by spectroscopy [22]. 

 

2.3 Animal experiment work: The study was conducted from December 2021 through April 2022 at the 

department of pharmacology–College of Medicine /AL Nahrain University. The experiments were 

approved by the Ethical Committee at the College of Medicine /AL Nahrain University.32 apparently 

healthy, albino male mice 2-3 months age, weight about 20-30g, were obtained from the Higher Institute for 

Diagnosis of Infertility and Assisted Reproduction Techniques/AL Nahrain University. The animals were 

acclimatized in standard environmental conditions and fed with food and water ad libtumfor a week before 

commencement of the experiment. 

 

2.3.1. Induction of hyperlipidemia: High Fat Diet (2% cholesterol and 1% peanut butter) was added to the 

standard diet in order to induce hyperlipidemia for 28 days [23]. Body weights were measured weekly for 

all groups. 

 

2.3.2. Extract administrant: Phytosterolsfraction of Iraqi cicerarietinumwas administeredvia intragastric 

tube for 28 days [23].  

 

2.3.3. Experimental design: The mice were divided into 4 groups, 8 mice each group [24]: 

• Group 1 (normal): standard diet for 28 days.  

• Group 2 (induced): HFD for 28 days. 

• Group 3 (treated): HFD for 28 days then atorvastatin 10 mg/kg for further 28 days. 

• Group 4: HFD for 28 days then Phytosterolsfraction of Cicerarietinum at dose of (500 mg/kg; p.o.) 

for further 28 days. 

 

2.4. BloodCollection: Mice were kept fasting for24 hrs and blood samples were extracted via heart 

puncture. This was followed by centrifugation at 2500 rpm for 15 min. The obtained serum was used for the 

biochemical analysis of lipid profile indices and liver function enzymes.  

 

2.5. Biochemical analysis: 

2.5.1. The biochemical analysis of lipid profile indices and liver function enzymes: 

The standard diagnostic kits were used for estimation of serum total cholesterol (TC), triglyceride (TG), 

LDL, VLDL, HDL, ALT, AST, ALP, and total serum bilirubin (TSB) levels by using autoanalyzer [25]. 

 

2.5.2. The biochemical analysis of oxidative stress parameters: 

At the end of the experimental period and after blood sampling, animals were sacrificed and the liver organ 

was removed for analysis and assay. Foroxidative stress measurement, the samples of MDA and glutathione 

were prepared from homogenization of liver tissue. After that, centrifuges homogenates for 15 minutes 

5000 rpm. The standard diagnostic kits were used for assay of tissue MDA and GSH level. This assay 

utilizes the competitive inhibition enzyme immunoassay technique [26], [27]. 

 

2.5.3. Histopathological examination:  

The liver and aorta tissue samples were first rinsed in phosphate-buffered saline (PBS), then fixed in 10% 

neutral buffered formalin, standardized dehydration in ascending grades of alcohol, and paraffin embedding 

procedures were conducted. Microtomy of paraffin embedded ultrathin sections (5 mm thickness) was 

carried out and slides were stained by hematoxylin-eosin (H & E) dyes. The sections were analyzed using 
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an Olympus light microscope with an attached photograph machine [28]. 

 

2.6. Statistical analysis: The Statistical Analysis System-SAS (2018) program was used to detect the effect 

of difference factors in study parameters. Unpaired t-test and ANOVA test were used to significant compare 

between means in this study.  

 

3. Results 

 

3.1 Comparison of parameters betweennormal controlgroup, induced (non-treated) group and groups 

treated with Atorvastatin (10mg/kg) and phytosterol (500mg/kg)by unpaired t-test and ANOVA test:    

The results of t-test showed highly significant increase (p<0.001) in the levels of serum (TC, TG, LDL, 

VLDL, ALT, AST, ALP), tissue MDA and (Micro+Macrovesicular) steatosis of liver with significant 

increase (p<0.05) in TSB in induced (non-treated) groups. Also, the results showed statistical highly 

significant (p<0.001) reduction in HDL and tissue GSH in induced (non-treated) groups in comparison with 

healthy group (Table1), (Fig.2, 3). 

 

In comparison with induced (non-treated) group, both groups treated with phytosterols(500mg/kg; p.o.) and 

Atorvastatin (10mg/kg; p.o.) showed statistical highly significant (p<0.001) decrease in serum levels of 

(TC, TG, LDL, VLDL, ALT, AST, ALP, TSB) and tissue MDA. Also, the results showed highly significant 

(p<0.001) increase in HDL and tissue GSH in both treated groups. Besides, the results showed significant 

(p<0.05) decrease in steatosis in groups treated withphytosterols (500mg/kg; p.o.) and Atorvastatin 

(10mg/kg; p.o.) as in (Table1), (Figures 3, 4, 5). 

 

In comparison with Atorvastatin (10mg/kg; p.o.) treated group, group treated with phytosterols(500mg/kg; 

p.o.) showed significant (p<0.05)increase in serum levels of TC, TG and VLDL, highly significant 

(p<0.001) increase in serum levels of LDL, ALT and ASTwith statistically no significant (p>0.05) in other 

parameters (Table1),(Fig.4, 5). 

 

Table (1): Comparison of parameters betweenhealthy (normal) control group, induced (non-treated) group 

and groups treated with Atorvastatin (10mg/kg) and phytosterol (500mg/kg) by unpaired t-test and 

ANOVA. 

Parameter Normal group 

Mean±SD 

Induced (non-

treated)group 

Mean±SD 

Atorvastatin 

(10mg/kg)group 

Mean±SD 

Phytosterols (500mg/kg) 

GroupMean±SD 

T.Chol.(mg/dl ) 135.8±17.2 241.98±5.5 a** 112.35±14.39 b** 158.89±10.96 b**c* 

TG (mg/dl ) 85.92±14.04 183.87±13.75 a** 83.48 ± 5.9 b** 107.88±15.12 b**c* 

VLDL (mg/dl ) 17.18±2.81 36.79±2.75 a** 16.73 ± 1.12 b** 21.57±3.02 b** c* 

   LDL (mg/dl ) 67.58±19.83 185.03±10.03 a** 46.84±15.3 b** 91.85±11.75 b** c** 

   HDL (mg/dl ) 49.37±6.1 16.59±5.63 a** 48.77±2.17 b** 45.46 ±7.87 b**cNS 

   ALT (U/L ) 17.73±3.69 95.77±26.0 a** 19.31±1.84 b** 34.41±5.87 b** c** 

   AST (U/L ) 15.33±3.83 196.39±53.4 a** 12.84±2.97 b** 20.16 ±2.91 b** c** 

   ALP (U/L ) 22.52±3.02 52.87±1.96 a** 21.34±5.26 b** 21.71±3.06 b**cNS 

   TSB (mg/dl ) 1.29±0.19 4.87±1.1 a* 1.5± 0.15 b** 1.74 ±0.31 b**cNS 

MDA(nmol/ml) 0.53±0.23 4.1±  1.31 a** 0.69 ±  0.2 b** 0.76 ± 0.17 b**cNS 
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   SGH (U/ml ) 315.77±66.97 57.24±19.85 a** 289.26±33.29 b** 265.36±10.38 b**cNS 

Steatosis*  0.625±0.518 2.625± 0.517 a** 1.00 ± 0.00 b* 1.25 ±0.463 b*cNS 

a: Comparison with healthy (normal)  control group,b: comparison with induced (non-treated) group, 

c:comparisonwith Atorvastatin (10mg/kg)treated mice  group,Highly statistical significant 

(p≤0.001),statistically significant(p≤0.05), NS: not statistical significant (p>0.05), TC: total cholesterol, TG: 

triglycerides, HDL: high density lipoprotein, LDL: low density lipoprotein,VLDL:very low density lipoprotein, 

AST:aspartate aminotransferase, ALT :alanine aminotransferase,ALP: alkaline phosphatase,  MDA:  

Malondialdehyde, GSH: glutathione, TSB: total serum bilirubin,SD;standard deviation , Steatosis*: 

(Micro+Macrovesicularsteatosis).Semi-qantitativeliversteatosis score ranged from 0 to 3 {0, normal steatosis of 

liver (< 5%) ;1, mild steatosis of liver ( 5-33%) ;2, moderate steatosis of liver (33-66%);3, sever steatosis of 

liver(>66%)}[29] 

 

3.2 Histopathological examination of theliver: 

 

 
Figure (2): Histopathological examination of mice liver of normal control group showed normal hepatocyte 

(H). (H&E stain, 40X) 

 

 
Figure 3: Histopathological examination of mice liver ofinduced(non-treated) group showed marked and 

diffuse fatty steatosis of hepatocyte (Black arrows) & necrosis(Asterisk). ( H&E stain,40X ) 

 

 
Figure 4: Histopathological examination of mice liver treated with Atorvastatin (10 mg/kg; p.o.) showed 

mild fattysteatosis (Black arrows). (H&E stain, 40X) 
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Figure 5: Histopathological examination of mice liver treated with phytosterols (500mg\kg;p.o.) showed 

scattered mild degenerative changes (Black arrows). (H&E stain, 40X). 

 

3.3 Histopathological examination of the aorta: 

 

 
Figure 6: Histopathological examination of mice aorta of normal control group showed normal layer of 

intima (Blue arrow), elastic lamella (Red arrows), smooth muscle fibers (Black arrows) of tunica media and 

collagen bundles of tunica adventitia (Asterisk), with no foamy macrophages seen. (H&E stain,40X.) 

 

 
Figure 7: Histopathological examination of mice aorta of non-treated induced group showed sever 

infiltration of intima & media by foamy macrophages, degeneration of endothelial cells (Red arrows), fat 

cells deposition (Black arrows), and degeneration of muscle fibers (Blue arrows). ( H&E stain, 40X) 

 

 
Figure 8: Histopathological examination of mice aorta treated with Atorvastatin (10mg/kg; p.o.) showed 

normal intima (Red arrows), media (Black arrows) & adventitia (Blue arrows). (H&E stain, 40X) 
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Figure (9): Histopathological examination of mice aorta treated with phytosterol (500mg\kg; p.o.) showed 

normal intima (Red arrows), scattered sub-endothelial fat cells (Black arrows), normal tunica media and 

normal adventitia (Blue arrows). (H&E stain, 40X) 

 

4. Discussion 

Hyperlipidemia is characterized by increase in serum lipid profile namely, triglycerides (TG), total 

cholesterol (TC) and low density lipoprotein- cholesterol (LDL-C) and thus is considered one of the 

primary risk factors leading toCVDsand myocardial infarction. Hyperlipidemia is directly linked with a 

prominent metabolic dysregulation in the affected patients [30]. The above mentioned changes in 

association with declining (HDL-C) serum level eventually result in hyperlipidemia, causing advanced 

cardiac pathological conditions [31]. Moreover, the interfering harmful effect of HFD with the process of 

lipid metabolism in the liver is the primary factor responsible for the development of nonalcoholic fatty 

liver disease [32]. Hyperlipidemia, in particular raised low-density lipoproteins (LDL 

hypercholesterolemia), is one of the primary risk factors contributing to the evolution of atherosclerotic 

cardiovascular disease [33]. Practical strategies to treat hyperlipidemia, include the decrease lipids synthesis 

and their gut absorption using synthetic therapeutic agents as fibrates, statins and bile acid sequestrants. The 

use of these agents might be associated with series of side effects most notablymyopathy, rhabdomyolysis 

and increase risk of gallstone formation. Hence, developing a novel and effective anti-hyperlipidemic 

therapeutic agents with minimal side effects is urgently required [34]. The use of functional foods to keep 

serum cholesterol levels under control is growing steadily in western countries [35]. phytosterols (plant 

sterols) have recently gained traction because their plasma cholesterol lowering efficacy [36]. 

 

The process of extraction of active ingredients from plant materials is the first step in the exploitation of 

phyto-chemicals toward the preparation of pharmaceuticals, dietary supplements, cosmetic products and 

food ingredients [37]. In this study, the extraction process of the plant done sequentially according to 

solubility and polarity of the active constituents have been extracted and isolated to be ready for use in the 

experiments [38], to evalute their hypolipidemic activity. Hexane was used for defatted oil from the plant in 

order to exclude the surplus fatty components [39]. The alcoholic method considered the initial step in the 

extraction of many active constituents from plant material. The use of aqueous alcohol (alcohol and water 

mixing) allows the extraction of both polar and nonpolar compounds [40]. After filtration, the ethanol 

(crude) extract was subjected to evaporation to get extract free from alcohol to avoid the harmful effect of 

ethanol on the hepatic indicators of current study through using of rotary vacuum evaporator. Petroleum 

ether is anorganicsolvent used for extraction of plant materials and chromatographic separations [41], so it 

used to extract Phytosterolsin the current study. 

 

In the present study, feeding the mice high fat diet (HFD) for 28 days led to highly significant increase in 

serum total TC, TG, LDL and VLDL in hyperlipidemic mice as compared to normal group fed normal 

standard diet (Table 1). These changes observed in hyperlipidemic group may be due to disturbance lipid 

metabolism mainly by decreasing β-oxidation, increasing cholesterol synthesis and oxidative stress by 

decreasing free radical scavenger enzyme gene expression [42]. Oxidative stress has been documented to 
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play a pivotal role in the patho-physiology and progression of diverse human diseases including CVD, CVI 

and DM [43]. 

 

The serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline 

phosphatase (ALP) were highly significant increase among induced (non-treated) group than in normal 

group. Hence, the liver function markers (ALT, AST and ALP) as well as total serum bilirubin (TSB) 

showed noteworthy leakage in the serum and indicated the membrane damage of the hepatocytes. These 

consequence were may due to the disturbance of lipid metabolism because of high fat intake resulting in 

accumulation of TG in liver and an increased increment of the liver index and hepatic steatosis occurred 

[44] since the liver has a crucial role in regulating blood lipid level through LDL clearance and HDL-C 

recruitment [45]. 

 

Malondialdehyde (MDA) which is a product of lipid peroxidation or reaction of oxygen with unsaturated 

lipids [46] were highly significant increase in induced (non-treated) mice. The elevated levels of MDA in 

induced (non-treated) mice suggest increased lipid peroxidation in fat deposits that could be released and 

have detrimental effects on hepatic cells and other hepatocytes. Besides, the results were supported by 

histological examination whichshowed degenerative changes in the liver and aorta (Fig. 3, 7). Glutathione 

(GSH) is the most important endogenous defense mechanism against oxidative stress in body. It is an 

intracellular hydrophilic antioxidant [47]. Itplays an essential role in maintenance of membrane protein -SH 

groups in the reduced form, the oxidation of which can cause altered cellular function and structure [48]. 

 

In the study, according to HPLC analysis the principal phytosterols are sitosterol, campesterol and 

stigmasterol. Phytosterols compete with cholesterol for intestinalabsorption, thus modulating total 

cholesterol levels. The daily consumption of (2) grams of phytosterols can effectively lower TC and LDL-C 

by (7–10%) in humans, with little or no effect on HDL-C and TG levels when consumed with the main 

meal [49]. For the lipid profile analysis, the levels of TC, TG, HDL-C, LDL-C and VLDL-C were 

monitored and results were depicted in (Table 1). The decrement in the total cholesterol was noticed at 

comparable rate with induced (non-treated) mice group administered with (500mg/kg; p.o.) of Phytosterols 

treated mice. These results were further supported by the improved TG, HDL-C,LDl-C and VLDL-C levels 

as compared to hyperlipidemia in mice. Overall, the treatment with Phytosterols significantly reversed the 

changes recorded in mice fed with HFD.  Lecithin acyl transferase (LCAT) enzyme plays a key role in the 

incorporation of free cholesterol into HDL and transferring it back to VLDL and LDL which are taken back 

later in liver cells [50]. 

 

The possible mechanisms of lipid lowering activity are may be due to enhancement of the activity of 

lecithin acyl transferase (LCAT) and inhibition of the action of hepatic TG-lipase on HDL [51]. Pancreatic 

lipase is responsible for the hydrolysis of TG into monoglycerides and fatty acids [52]. The hydrolysis step 

is crucial because these particular lipids should first be hydrolyzed before undergoing absorption through 

the lining of the intestine [53]. The effectiveness of hydrolysis of TG relies on adequate availability of bile 

salts provided by the liver [53]. Pancreatic lipase is considered a key enzyme responsible for TG absorption 

in the small intestine, and the inhibition of this enzyme by Phytosterols [54] could be a key approach for 

controlling hyperlipidemia and obesity through suppression and delay of digestion and absorption of TG 

[55]. 

 

Evidently, significant improvement effects on (ALT, AST and ALP) have been noticed with the 

administration of Phytosterols at a dose of (500 mg/kg; p.o). The reason behind that may due to the 

diversity of phytochemical compounds of phytosterols which possess a radical scavenging activity and 
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hepato-protective properties [56]. Also the results showed improvement in serum level of TSB.  Moreover, 

significant reduction of tissue MDA was also registered with phytosterols fraction treated groups in 

comparison with induced (non-treated) group. Phytosterols act as free radical scavenger, cell membranes 

stabilizer and antioxidant enzyme booster [56]. This increased defense mechanism through increase 

glutathione level. Histopathological examination of liver of Phytosterols treated groups and according to the 

doses used and duration of treatment was support its ability to have hepatoprotective effect in relation to its 

effect on liver enzymes. Also, significant reduction of liver steatosis at dose (500mg/kg;o.p.) in comparison 

with induced (non-treated) group. Besides, the study showed improvement in histopathological pictures of 

the liver and aorta; (Fig.5, 9). And this support antihyperlipidimic and antinflammatory effect of 

Phytosterols, which may be due to reduce macrophage and neutrophil-mediated inflammatory process, 

proinflammatory cytokine concentrations [57]. These results illustrate phytosterols had the capability to 

lower lipid levels in HFD-fed mice, suggesting an antihyperlipidemic efficacy. 

 

Statins have strong lipid lowering effect which exerted through inhibition of hepatic (HMG-COA reductase 

inhibitor) which consider the rate-limiting step of cholesterol production [58]. Atorvastatin as a standard 

cholesterol lowering drug is used in current study. Atorvastatin treatment has been associated with a high 

significant reduction in lipid profile (TC, TG, LDL and VLDL). Furthermore, plasma HDL-C level was 

found to be elevated in comparison with induce (hyperlipidimic) mice group. Also, treatment with 

Atorvastatin (10 mg/kg; p.o.) has been associated with significant reduction in liver enzymes (ALT, AST, 

and ALP). A high significant reduction serum levels of TSB and tissue MDA are another indicator for 

hepatoprotective effect of Atorvastatin (10mg/kg;p.o.) throughout antioxidant action of increase the 

function of the endogenous antioxidants and reduce lipid peroxidation by  significant increase GSH level.  

Furthermore, the histopathology examination of induced mice groups treated with Atorvastatin (10mg/kg; 

p.o.) revealed a mild steatosis while the induced (non-treated) group showed marked and diffuse 

cytoplasmic fatty infiltration and granular degeneration of hepatic cells; (Fig. 3, 4).The histopathology 

examination of aorta(Fig.8) of induced mice groups treated with Atorvastatin (10mg/kg; p.o.) showed 

improvement in aorta tissue. 

 

In the present study, the effects of Phytosterols(500mg/kg; p.o.) and Atorvastatin (10mg/kg; p.o.) on serum 

levels of TC, TG, LDL, HDL and VLDL was comparable although there is no significant difference 

between them in respect to HDLbut Atorvastatin seems to be more effective in other lipid profile 

parameters (Table1). 

 

In comparison with Atorvastatin (10mg/kg; p.o.) treated group, treatment with Phytosterols(500mg/kg; p.o.) 

showed a significant increase in the activities of the liver enzymes (ALT and AST) with no significant 

difference in ALP, tissue MDA, GSH, TSB  and in liver steatosis, confirming a protective potential of 

Phytosterols against hyperlipidemia. However, (500 mg/kg) ofPhytosterols fraction was shown to be the 

perfect dose against hyperlipidemia. Antioxidants interfere with the oxidative processes by scavenging free 

radicals, suppressing reactive oxygen species formation either by inhibition of enzymes or chelating trace 

elements involved in free radical production and by up regulating or protecting antioxidant defenses [59]. 

Mice treated with Atorvastatin (10mg/kg; p.o.) and Phytosterols (500 mg/kg; p.o.) treated mice revealed 

improvement in cellular histoarchitectural morphology. 

 

5. Conclusions 

1. Phytosterols fraction of Iraqi Cicerareitinumupper part demonstrated anti-hyperlipidemic effect and 

this effect was more obvious in dose of (500mg/kg; p.o.).  

2. Phytosterols fraction (500mg/kg; p.o.) demonstratedantioxidant effect and anti-inflammatory. The 
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diversity in presence of phytochemical compounds likesitosterol, campesterol and stigmasterol are probably 

responsible for inhibition lipid peroxidation.  

3. Effects ofPhytosterols (500mg/kg; p.o.) and Atorvastatin (10mg/kg; p.o.) were comparable in 

relation to different parameters although Phytosterols(500mg/kg; p.o.) showed hepato-protective effect 

according to histopathology outcomes and a significant improvement of liver enzymes serum levels.        
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